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I, James Albert Hatch, a citizen of the 
United States of America, of 1357, Franklin 
Street, Detroit, Michigan, United States of 
America, do hereby declare the mvention, 
for which I pray that a patent may be granted 
to me, and the method by which it is to> be 
performed, to be particularly described in 
and by the following statement: — 

This invention relates to cast woirm wheels. 
In referring herein to worm wheels, it is to 
be understood that there is meant a worm 
wheel which is conjugate with a given mating 
worm, and which can be employed for 
long-dife, efficient transmission of mechanical 
power. Where a worm wheel has to be 
employed for such transmission it is essen- 
tial mat the mating teeth be truly conjugate. 
A worm wheel of this character is herein- 
after referred to as a "precision" worm wheel. 
Merely casting the teeth in accordance with 
the usual procedures without further machin- 
ing will not produce precision worm wheels. 
Known precision worm wheels for such trans- 
mission of power are prepared by machining 
a blank to form the teeth, or by casting tihe 
teeth and thereafter machining the cast teeth 
to the final shape to ensure that they are 
conjugate to a given mating worm. Where the 
teeth are directly formed by machine, or are 
first cast and then machine finished, the 
finally produced teeth have surfaces charac- 
teristic of metal which has undergone a 
machining operation. The removal by machin- 
ing of a substantial layer of metal from the 
blank cast by usual procedure exposes a 
grain structure at tihe working surfaces of the 
teeth which is mn-^uniform. 

The invention is based upon the realisation 
that a superior (precision worm wheel can be 
obtained "if the finished teeth have surfaces 
produced by casting immediately against a 
metal mould, such surfaces not being then 
subsequently machined. This requires that 
the moulding shall be so carried out that the 
moulded teeth have a desired finished size 
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and shape equally as accurate as 
that of machine generated tteeth w 
ensure that they are conjugate with 
a given mating worm. Thais, die in- 
vention is concerned with worm wheels which 
are produced in a manner distinguishable 
from known practice in that hitherto the final 
finished accuracy of the teeth of a precision 
worm wheel has been obtained by appropriate 
control at the machine stage, whereas it is 
now proposed to oibrain tfie final finished 
accuracy at the moulding stage. It has, for 
example, been proposed to produce worm 
wheels by die casting, but it has been the 
practice to obtain the finally finished worm 
wheel by a subsequent machining operation. 
In tins connection attention is directed to the 
book entitled "Die Castings" by Chase pub- 
lished by J. Wiley & Sons, 1934. At page 
150 of this book there is a passage treading 
as follows: "Worms and worm wheals are 
readily die-cast, although, for precision gears 
of this type, on which very smooth surfaces 
are required, some machine work is necessary 
and allowance for this must be made in the 
casting, as it must, of course, in any type 
of gear where such machimng is to be done". 

In contradistinction to what was previously 
known, in accordance with the invention* there 
is provided a precision worm wheel having 
teeth conjugate to a given mating worm 
against which said worm' wheel is to be run, 
said teeth possessing at and inwardly of tihe 
mating and running surfaces thereof the 
metallurgical characteristics of metal which 
has been cast against a metal mould, wherein 
the tooth surfaces are equivalent in form and 
finish to those of a generated machined worm 
wheel, the grain structure of said teeth, at 
and for a substantial distance inwardly of said 
tooth surfaces being uniform and extending 
ifirom the root, sides and crest of each tooth 
into the body of the gear. 

In British Patent Application No. 22216/ 
57 (Serial No. 871,020), there is described 
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a method of manufacturing a mould suitable 
for -use in the ip reduction of a precision worm 
~ - -wheel as above defined, and apparatus for 

. - -forming mould cavities in mould blanks for 
5 producing such a mould. 

It will be apparent that the product defined 
above will be a worm wheel having sufficient 
precision as to its tooth contours to be used 
immediately with a mating worm without it 

10 first being necessary for a machining opera- 
tion to be performed. Indeed, although a 
lapping operation may be performed in which 
a minute amount of metal is removed, this 
is by no means essential. 

15 ^ For a better understanding of the inven- 
tion, and to show how the same may be 
canned into effect, reference will now be 
mades, by way of example, to the accom- 
panying drawings, in which: — 

20 Figure 1 as a sectional elevation illustrating 
generally the manner in which segments hav- 
ing mould cavities are arranged to form a 
rini^-shaped composite mould, and 

Figure 2 is an end elevation of a pre- 

^ cision worm wheel produced by casting in a 
composite mould of the kind shown* in 
Figure 1. 

Referring to the drawings, the ring-shaped 
composite mould shown* in Figure 1 is built 
30 up from a plurality of segmental blanks B 
which are produced by sawing segments from 
a continuous circular blank casting (not shown) 
which has the same radial cross-sectional 
proportions as the sawed segmental blanks B. 
35 Mould cavities MC are foamed in each seg- 
mental blank B in the manner described in the 
aforementioned British Patent Application No. 
22216/57 (Serial No. 871,020). 

The radial dimensions and sectional dimcn*- 
40 sions of the circular blank casting are such 
that Mowing, the sawing of the segmental 
blanks B therefrom and the machnung of the 
mould cavities MC in the latter, a precision 
worm wheel such as is shown dn Figure 2 
45 chill cast against a . ring-shaped composite 
mould such as is shown in Figure 1 will have 
the desired dimensions in regard to its 
diameter, width and tooth pmportions. Each of 
the segmental blanks is cut from the afore- 
50 mentioned continuous blank casting in such 
a way that it has a predetermined faoe-to- 
face or tcp^tOMbottom bias such as is in- 
dicated by the numeral 175 in Figure 1. 
In order to produce a precision worm wheel 
55 of the kind shown in Figure 2, it is neces- 
sary that the inner surface of each segment 
B should be generally concave and that die 
various m ould cavities MC which are cut 
therein should result in convexities upon the 
60 concave surface. 

In machining each segment B and in cutting 
the various mould cavities MC, casting shrink- 
age factors must be taken into account. Thtsi 
is done on the basis of radial shrinkage, Le. 
65 assuming that the casting shrinks towards 



the centre. The composite mould shown in 
Figure 1 is therefore made oversize so that, 
as the molten metal contracts on cooling, the 
cast worm wheel will be within desired 
tolerances. A typical tin-rich bronze which 70 
may be employed in casting worm wheels 
in accordance with the invention is designated 
S.A.E. No. 65, and his a content of approxi- 
mately 89% copper and approximately 11% 
tin. This is a hearing alloy possessing very suit- 75 
able metallurgical properties for a worm wheel 
since it has a melting point of over 1900° 
F. and a tensile strength exceeding 50,000 
pounds per square inch. It is not, of course, 
essential for this particular bearing alloy 80 
to be used hut ft is preferable that a non- 
ferrous alloy shoul d be employed having a 
melting pcint an excess of 1550° F. The usual 
shrinkage allowance for the tin-rich bronze 
described above is 1/64 of an inch per inch. 85 
Thus, for the casting of, say, a twelve inch 
diameter precision worm wheel, the segments 
B are made as if the wheel were twelve and 
three-sixteenths inches in diameter. 

A worm wheel chill cast in the manner 90 
just described is so precise on dimension that 
it may be simply mm in to render it suitable 
for its intended purpose. Indeed, such a wheel 
may ibe used directly as cast, particularly in 
cases where at least a small proportion of 95 
lead is added to the bronze to give it lubri- 
cating properties. One of the important advan- 
tages associated with the above described 
casting of worm wheels without subsequent 
machming, is that the finished precision worm 100 
wheel has highly desirable metallurgical pro- 
perties, which thus enhance its operating 
characteristics. The segments B forming the 
composite mould shown in Figure 1 serve as 
chills, i.e. act to rapidly freeze and cod the 105 
metal in and around the wheel teeth. This 
provides the desired metallurgical sftructuie 
in the teeth and the area extending radially 
inwardly somewhat beyond the roots of the 
teeth. no 

A photomicrograph of a section of such a 
worm wheelthrough a tooth thereof reveals 
a uniform distribution as to its grain struc- 
ture throughout, from the roots, sides and 
crest of each tooth formation inwardly into 115 
the body of the gear, as a result of the chill 
casting to accurate ultimate gear proportions. 
This is possible only when the mould against 
which the chM casting is performed is itself 
accurately machined in regard to the tooth 120 
proportion. By contrast* the removal by 
machining of a substantial skin Hayer of metal 
from a cast gear blank in conventional gear- 
cutting operations exposes grain structure aft 
the working surfaces of the gear teeth which 125 
is non-uniform. Improved tensile strength 
and wearing qualities are thus exhibited °by 
precision worm wheels in accordance with the 
invention. 

Another important advantage of the inven- 130 
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cioii is in the saving realised iby the reduction 
iix the total 1 metal required for a worm wheel. 
Where worm wheel teeth arc made by machin- 
ing, anetai must be provided for the cutting 
tools to remove and 'so shape the troth form. 
In- casting, of course, this" metal is not re- 
quired aid something in the order of 50% 
of metal around the tooth area; is saved 
by the present invention. Since mast wotran 
wheels are formed of 'bronze, in particular tiffi- 
rich bronze alloys, both the principal com- 
ponent metals of which are relatively expen- 
sive, the importance of the above mentioned 
saving will ibe readily appreciated. 

WHAT I CLAIM IS: — 

1. A precision worm wheel having tJeelth 
conjugate to a .given mating worm against 
which said wotran wheel is tx> be run, saM 
teeth possessing at and inwardly oif the 
mating and running surfaces thereof 4he 
metaliiurgical characteristics of metal which 
has been cast against a metal mould, where- 
in the tooth surfaces are equivalent in form 
and finish to those of a generated machined 
worm wheel, the grain structure of said teeth 
at and for a substantial distance inwardly 
of said tootfcb surfaces fceinig uniform and ex- 
tending from the root, sides and crest of each 



tooth into the body of the gear. 

2. A worm wheel as claimed in Claim 1, and 
composed of a non-ferrous alloy. 

3. A worm wheel as claimed in Claim I 
or 2, and composed of a metal alloy having 
a melting point exceeding 1550° F. 

4. A worm wheel as claimed in any preced- 
ing claim, and composed of bronze. 

5. A worm wheel as claimed in any pre- 
ceding claim, and composed of an alloy of 
approximately 89% copper and approximately 
11% tin. 

6. A worm wheel as claimed an any pre- 
ceding claim, and composed of bronze, where- 
in the bronze has a melting point not sub- 
stantially less than 1 900 0 F . and has a 
tensile strength exceeding 50,000 pounds per 
square inch. 

7. A precision' worm wheel having teeth 
that (have "been produced by casting imme- 
diately against a metal mould, substantially 
as hereinbefore described with reference to 
Figure 2 of the accompanying drawings. 

HASELTINE, LAKE & CO., 
Chartered Patent Agents, 
28, Southampton Buiidingis, 
Chancery Lane, 
London, W.C.2, 
Agents for tie Applicant. 
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